In a recommendation task it is crucial to have an accurate contentbased description of the users and the items. Linked Open Data (LOD) has been demonstrated as one of the best ways of obtaining this kind of content. The main question is to know how useful the LOD information is in inferring user preferences and how to obtain it. We propose a novel approach for Content Modelling and Recommendation based on Formal Concept Analysis (FCA). The approach is based in the modelling of the user and content related information, enriched with LOD, and in a new algorithm to analyze the models and recommend new content. The framework provided by the ESWC 2014 Recommendation Challenge is used for the evaluation. The results are within the average range of other participants, but further work has to be carried out to refine the approach using LOD information.
Introduction
Recommender Systems (RS) have traditionally followed two main approaches: Collaborative Filtering (CF) that puts together similar users and Content-Based (CB) that puts together similar items. A recommendation task has to cope with different problems [11] . One of the main problems is related to the paucity of information (e.g. cold start [12] or scarcity [2]). Linked Open Data (LOD) [3] is shown as a remarkable alternative to solve that. LOD has been consumed mainly for data enrichment in order to improve the performance of the recommender systems [10, 5] . However, given a recommendation scenario, the way in which this data can be linked with the items and users has to be defined [9, 4] . Basically, these proposals follow two methods: the use of the SPARQL language to search for specific information or to take advantage of the LOD structure to infer relationships and obtain related information. As a result of works such as the aforementioned and other initiatives, several specific datasets have been published: The DBbook database, The DBPedia mappings to MovieLens1M dataset or DBPedia Mappings to Last.fm dataset. This paper proposes a novel approach based on Formal Concept Analysis (FCA) [7] . LOD, and more specifically DBPedia-extracted data, are used to create a semantic item description to be taken into account in the modelling step. Based on this FCA modelling, an algorithm is proposed to manage the models and recommend new contents. FCA has been applied both for CF [13] and CB approaches [8] . However, most of these works barely delve into the possibilities of FCA for modelling. This work tries to go a step further in the application of FCA for recommendation: Can the inferred semantic-based formal concepts be useful to infer user preferences? To answer this question an experimental work based on the ESWC 2014 Challenge is conducted. Our main aim is to prove whether LOD information can be useful in generating a concept-based modelling which can link with the user preferences. The hypothesis is that, if the user preferences (and the subsequent user activity) are somehow dependant with the content of the consumed items, the power of FCA to organize and model content should be useful in modelling this dependency. The proposal, the experiments conducted and the obtained results is presented below.
Recommendation Approach Description
The recommendation approach runs on an FCA-based content modelling. By means of FCA an offline model of the data is created. Then, the FCA-based recommendation algorithm explores the model to extract relationships containing valuable recommendations. Finally, a pruning of the raw recommendations is conducted to select only the most suitable ones. The main construction of the FCA theory is the formal concept that is derived from a formal context. A formal context , , , can be seen as an incidence matrix that presents the set of has-a relationships ( ) between objects ( ) and attributes ( ). Strictly, a formal concept is a pair , , where is a set of objects (extent), and is a set of attributes (intent), such as: 1) the extent A consists of all the objects related to all the attributes in the intent B; and 2) the intent B consists of all the attributes shared by the objects in extent A.
Formal concepts can be ordered by their extents in a subconcept-superconcept relationship according to their extents: , B , D :  A, B  C, D  A  C. This ordered relationship is a generalization-specialization, and it can be proven to be a lattice. Because concept lattices are ordered sets, they can be naturally displayed in terms of Hasse diagrams. In a Hasse diagram: 1) there is exactly one node for each formal concept; 2) if, for concepts C1 and C2, C1 ⊆ C2 holds, then C2 is placed above C1; and 3) if C1 ⊆ C2 but there is no other concept C3 so that C1 ⊆ C3 ⊆ C2, there is a line joining C1 and C2.
The recommendation scenario can be interpreted as a bipartite graph partitioned into users ( ) and items ( ). The edges in this graph, , , establish the relationship of the user with an item weighted with a rating . Following the FCA theory, the triple (U, I, ) can be interpreted as a formal context (or a recommendation context), from which a set of formal concepts , B can be inferred, where A is the user set sharing the item set B. This set of formal concepts can be organized in a recommendation lattice, which can be represented according to a Hasse Diagram.
